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PffiZOELECTRIC ACTUATOR 

[0001] Prior Art 

[0002] The invention relates to a piezoelectric actuator, for example for actuating a 
mechanical component, as generically defined by the preamble to the main claim. 

[0003] For example, DE 199 28 189 Al has disclosed that using the so-called 
piezoelectric effect, a piezoelectric element for controlling the needle stroke of a valve 
or the like can be composed of a material with a suitable crystalline structure. The 
application of an external electrical voltage causes a mechanical reaction of the 
piezoelectric element, which, depending on the crystalline structure and the regions to 
which the electrical voltage is applied, produces a compression or traction in a 
predeterminable direction. 

[0004] Due to the extremely rapid and precisely controllable stroke effect, such 
piezoelectric actuators can be used in producing control elements, for example for 
actuating switching valves in fuel injection systems of motor vehicles. In these 
actuators, the voltage-controlled or charge-controlled deflection of the piezoelectric 
actuator is used to position a control valve, which in tum regulates the stroke of a 
nozzle needle. 

[0005] Since the electrical field intensities required for actuating the piezoelectric 
actuator lie in a range of several kV/mm and it is generally desirable to use moderate 
electrical voltages for triggering purposes, the piezoelectric actuator here is comprised 
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of a plurality of layers of stacked metallized piezoelectric ceramics to produce a so- 
called multilayered actuator. To accomplish this, internal electrodes that are 
deposited, for example, by means of a printing process are provided between the 
layers and external electrodes are provided to supply an electric voltage. A typical 
method for manufacturing such layers is the sheet casting technique. The individual 
layers are metallized in order to manufacture the internal electrodes and stacked on 
top of one another, the piezoelectric effect then exerting its action between two layers 
with internal electrodes of different polarities. 

[0006] The top and bottom region, however, usually do not have intemal electrodes 
since on the one hand, a certain amount of insulation space toward the end surfaces is 
required in order to prevent short circuits in relation to the outside and on the other 
hand, passive zones are used for electrical connection to the external electrodes. 
Passive regions can also be provided in the middle of the piezoelectric actuator. But 
the problem with this, however, is that these passive layers, in the form of covering 
packets, represent parasitic or interfering capacitances in relation to the electrical 
ground, which can generate electromagnetic radiation in motor vehicles or other 
applications. 

[0007] DE 100 25 998 Al has clearly disclosed the fact that passive regions of 
changeable length are provided at both ends of the layer structure. In this known 
piezoelectric actuator, on the one hand, the passive layers are comprised of the same 
ceramic material as the active region, but with external electrodes that contact only 
one side or do not contact them at all so that the inactive regions also have the intemal 
electrode/metal layers passing through them. On the other hand, the respective 



inactive region can also be a whole electrically insulated metal or ceramic block that 
can simply be glued for example to the piezoelectrically active region. 

[0008] Advantages of the hivention 

[0009] The piezoelectric actuator described at the beginning is, as mentioned above, 
comprised of a multilayered structure of piezoelectric layers and internal electrodes 
situated between the layers in a piezoelectrically active region and, in order to be 
triggered with an electrical voltage, is provided with a contacting of the internal 
electrodes that alternates from layer to layer. The layer structure of the piezoelectric 
actuator also includes at least one inactive region, e.g. a bottom part and/or top part in 
the form of a covering packet, at one end or within the active region in terms of its 
overall installation length. 

[0010] In the piezoelectric actuator according to the present invention, the dielectric 
constant of at least the top part or bottom part, as inactive regions, is advantageously 
lower than the dielectric constant of the active region. Preferably, the inactive regions 
and the active region are manufactured of the same ceramic base substance; additional 
doping agents are added to the inactive regions so that they have a minimal dielectric 
constant. For example, the base substance is lead zirconate titanate (PZT) and the 
doping agent is silver. 

[001 1] In an advantageous embodiment form, the layer thicknesses of the inactive 
regions are the S£ime in the top part and bottom part. According to another 
embodiment form, the inactive regions are comprised of an electrically polarized 



ceramic with an electrical field applied to it in order to minimize the dielectric 
constant. 

[0012] The advantage of the present invention is that first, the active region of the 
piezoelectric actuator with a predetermined piezoelectric ceramic remains unaffected, 
i.e. the characteristic quantities such as idle stroke, blocking force, etc. of the active 
actuator element remain unchanged. The material selection according to the 
invention, the geometry, or the polarity state of the covering packets in the top part 
and/or bottom part then makes it possible to minimize the parasitic capacitance Cpara 
in the top part and/or bottom part. 

[0013] Drawings 

[0014] An exemplary embodiment of the piezoelectric actuator according to the 
invention will be explained in detail in conjunction with the drawings. 

[0015] Fig. 1 shows a section through a piezoelectric actuator, having a multilayered 
structure composed of piezoelectric ceramic layers and having active and inactive 
regions, 

[0016] Fig. 2 shows a schematic wiring diagram of the capacitances occurring in the 
piezoelectric actuator when the inactive regions are connected to internal electrodes of 
the active region with the same polarity. 
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[0017] Fig. 2 shows a schematic wiring diagram of the capacitances occurring in the 
piezoelectric actuator when the inactive regions are connected to internal electrodes of 
the active region with different polarities, and 

[0018] Fig. 3 shows a curve of the parasitic capacitances with certain proportions of 
the layer thicknesses of the inactive regions. 

[00 1 9] Description of Exemplary Embodiment 

[0020] Fig. 1 shows a piezoelectric actuator 1 that is constructed in an intrinsically 
known manner of piezoelectric layers 2 of a ceramic material, e.g. so-called green 
sheets, with a suitable crystalline structure so that by using the so-called piezoelectric 
effect, when an external electric DC voltage is applied to internal electrodes 3 and 4 
via extemally contacted electrodes 5 and 6, a mechanical reaction of the piezoelectric 
actuator 1 is produced. 

[0021] The piezoelectric actuator 1 is subdivided into a piezoelectrically active region 
A and two passive regions B and C in the form of covering packets at the top and 
bottom ends. In this context, a region is referred to as active when it has internal 
electrodes 3 and 4 of alternating polarities passing through it and therefore contributes 
to the overall length expansion of the piezoelectric actuator 1 desired for the 
operation. 

[0022] In the exemplary embodiment according to the invention, the multilayered 
piezoelectric actuator 1 is constructed so that the material compositions of the ceramic 



layers in the active region A and in the passive regions B and C differ from one 
another. It is consequently necessary to use two types of ceramic to manufacture the 
green sheets. For example, these can be based on various types of ceramic, e.g. based 
on lead zirconate titanate (PZT). This ceramic or other ceramics based on a shared 
basic substance can be correspondingly changed and adapted by adding suitable 
doping agents, e.g. silver. 

[0023] The ceramic in the active region A has a dielectric constant of E33. The 
dielectric constant s'33 of the region B or C is selected in accordance with the 
relationship £'33 « 833. The ceramic in regions B and C according to Fig. 1 is then 
selected or modified so that in any case, the dielectric constant s'33 is minimized. 

[0024] The parasitic capacitances Cb and Cc of the regions B or C, as a function of 
the layer thicknesses ds and dc, thus work out to: 

Cb,c = So * e'33 * A/dB,c, where so = 8.85 * 10"^^ * ASA^m (1), 

where A is the active area. 

[0025] The exemplary embodiment according to the invention includes the possibility 
of the internal electrode layer 3 or 4 last bonded in place toward the top part B and 
bottom part C being selected to have the same or different polarities. 

[0026] The first case yields the schematic wiring diagram according to Fig. 2 and the 
second case yields the schematic wiring diagram according to Fig. 3; one of the two 



variants can be more advantageous depending on the electrical modulation of the 
structure of the piezoelectric actuator 1 . 

[0027] When the internal electrodes 3 or 4 are bonded in accordance with Fig. 2, 
there is yet another optimization possibility for minimizing the parasitic capacitances 
Cb and Cc. Since as a rule the piezoelectric actuators 1 have a fixed overall length, a 
certain length de + dc = dges is available for the respective passive region B or C. This 
yields the curve 10 shown in Fig. 4, which depicts the parasitic capacitances Cb and 
Cc as Cpara. Particularly if de = dc = dges / 2 is chosen, then this yields a minimum for 

Cpara ~ Cb + Cc- 

[0028] The invention disclosed here consequently expressly includes a piezoelectric 
actuator 1 with symmetrical covering packets B and C on the top part and bottom part. 
In particular, the minimization achieved by this geometric effect functions even if the 
covering packets B and C are comprised of the same ceramic material as the active 
region A. 

[0029] Another aspect not shown in the drawings relates to the adaptation of the 
parasitic capacitance Cpara by means of an at least partial polarization of the covering 
packets B and C. If one wishes to set a particular capacitance value Cpara in the 
covering packets B and C for a particular electrical modulation, then this can be 
achieved by adapting the dielectric constant e'sa and in particular by means of the 
polarization state of the covering packets B and C. Since unpolarized ceramic has a 
dielectric constant only half as great as that of polarized ceramic, the parasitic 
capacitance Cpara can be quasi-tuned by applying an appropriate electrical field. 



